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enosti obrazovne sredine i okoline za učenje pripadnika net-generacije, prezentiranje zanimljivih pedagoških 
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Središnje pitanja kojima se bavi većina autora odnose se na kurikularne promjene odnosno na unturanju re-
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se  bave pitanjima glavnih subjekata koji sudjeluju u organizaciji škole i nastave: učenici, učitelji i roditelji te 
pitanjima uređenja i opremanja obrazovne sredine u kojoj se organiziraju poučavanje i učenje. Posebno se 
ističe veći broj naslova koji se odnose na obogaćivanje nastave digitalnim medijima: facebook, pametni telefoni, 
blog, društvene mreže u nastavi i školi itd. Veći broj autora sugerira istraživanje i modeliranje škole i nastave za 
budućnost, a koje bi trebale uvažavati karakteristike i stilove življenja i učenja pripadnika net generacija koje ovih 
godina ulaze u školski sustav.
Izdvojimo još neke ključne riječi iz naslova koji su objavljeni u ovom Zborniku, a koji odražavaju tematiku radova 
koje ovdje objavljujemo: demokratizacija obrazovanja, inkluzivno obrazovanje, odgojne kvalitete net generacije, 
konstruktivističko e-učenje, kreativno učenje, poduzetničko obrazovanje, ocjenjivanje učenika i obrazovnih ishoda, 
udžbenik, školska fobija i drugi psihološka pitanja sudjelovanja učenika u nastavi,  daroviti učenici u nastavi i školi, 
metodologija istraživanja, karakteristike net generacije, konstruktivizam.
Urednici konferencijskog Zbornika i članovi Organizacijskog odbora zahvaljuju svim autorima priloga koje ovdje 
objavljujemo te svim sudionicima ove međunarodne konferencije na ukazanom povjerenju.
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Impact of the usage of animation in teaching cell biology on student 
achievement
Snežana Stavreva Veselinovska
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Abstract
Over the last decade, the unifying approach of many biology courses has evolved from 
an emphasis on the whole organism to a concentration on the molecular and cellular basis of life. 
This change reflects the recent shift in biology research toward an approach that addresses ques-
tions of function, structure, development, and evolution at the molecular and cellular levels. To 
reflect these discoveries, students in freshman-level general biology courses are taught that or-
ganisms are made of cells, that eukaryotic cells are compartmentalized into organelles while 
prokaryotic cells are not, and that cellular life is maintained by molecular and cellular processes. 
Naturally, the complexity of these processes and their interrelation is often difficult for the novice 
student to understand.
Although microscopy has long been used as a valuable teaching tool, the use of comput-
er animation in teaching has recently expanded. Animation can have advantages over microsco-
py, including simplification, unlimited resolution and magnification, ability to highlight certain 
symbols within a complex background, control of motion, shape, or color changes, and the step-
wise fading in and out of symbols. To address the different learning styles of students, and be-
cause students can access animation from off-faculty computers, the use of digital animation in 
teaching molecular and cell biology has become increasingly popular. Sample processes from 
molecular cell biology that are more clearly presented in animation than in static illustrations are 
identified. The value of animation is evaluated on whether the process being taught involves 
motion, cellular location, or sequential order of numerous events. Finally, future teaching tools 
for all fields of biology will increasingly benefit from an expansion of animation to the use of 
simulation. One purpose of this review is to encourage the widespread use of animations in biol-
ogy teaching by discussing the nature of digital animation.
Key words: animation, teaching, cell biology, student achievement.
Introduction
Computer animations are often used in biology courses to help students visualize com-
plicated biological processes and concepts. Animations can facilitate understanding of complex 
spatial and temporal relationships that are difficult to depict in static images. Education research 
supports the claim that animations can lead to increased student learning and identifies features 
that make animations effective. Given the wide variety of high quality animations freely available 
to educators on the web, the challenge is finding creative and effective ways to tap into their 
potential for learning. We generally present animations didactically, as self-evident resources 
rather than leveraging them to support student-centered active learning. Here, we review the 
use of animations in undergraduate biology education, and make recommendations on how 
they can be used more effectively to support student learning. Through methods such as scaf-
folding student analysis of animations, increasing their understanding of visual literacy, and us-
ing multiple representations students can begin to use animations as a tool to support their own 
learning, rather than simply a source of content.
Animations can be too quick or too complex; the brain cannot process information as 
quick as the animation is moving, or the animation may be too involved and too much informa-
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tion is presented to be processed in the timeframe of the animation (Falvo 2008; Tversky et al. 
2002). A major disadvantage is simply the logistics of the instructional technique. If the technol-
ogy necessary to present the animations malfunctions or become unavailable for any reason, the 
lesson can be a complete waste of time.
Animations in Education
Animations are now a common learning tool in classrooms throughout the world. As the 
availability of computers and accompanying presentation programs such as Microsoft PowerPoint 
become more widespread, so too are techniques to incorporate this technology as an instruction-
al advantage. The so-called “traditional” means of teaching such as lecture, worksheet, and text-
book lessons are being supplemented with, and in some instances replaced by, virtual lectures, 
web-based learning, and project-based, student-created movies or computer presentations 
where students may assimilate and apply the information they have received. Newer textbooks 
are web-based, with accompanying services such as instructional videos by instructors, laboratory 
demonstrations, simulations, and a vast array of instructional animations (Sanger et al. 2001).
From an educational perspective, visualization aids student understanding of complex 
processes because it assists in the conversion of an abstract concept into a specific visual object 
that can be mentally manipulated. Further research has shown that by using well-designed 
visual tools, students can digest large amounts of information in a relatively short time and 
construct their own personal visualization of a process (Kraidy, 2002; Linn et al., 1996). Student 
learning research has shown that visual perception is the most developed sense in humans and 
is an important way by which we learn (Sekular and Blake, 1985). Vision allows us to collect and 
process information from our environment and to make decisions or form concepts from that 
information.
Instructional animations are valued for their ability to display temporal changes, as well 
as depiction of changes in position and form (Stith 2004). Also, there is less need for interpreta-
tion or inference with animations compared to a picture with arrows or other symbols (McLean 
et al. 2005). Animations are dynamic and engaging to the majority of learners as attention is 
better maintained by movement and colors, and animations are generally considered aestheti-
cally pleasing. Learning styles are also served well through animations. Visual learners are ex-
posed to transitional images, auditory learners may rely on the accompanying narrations, and 
even kinesthetic learners may benefit from a more complex, interactive animation that can be 
manipulated to explore the possible effects.
The information is presented in a consistent manner, as all learners are presented with 
the same information in an identical format and reading comprehension is not an obstacle to 
learning. Potential disadvantages of using animations to instruct do exist. The educator must be 
careful in the development of the animation, or selecting the most appropriate animation. 
Further research has shown that by using well-designed visual tools, students can digest 
large amounts of information in a relatively short time and construct their own personal visuali-
zation of a process (Kraidy, 2002; Linn et al.,1996).Graphical representations are visualizations 
that augment the information presented in text by providing a focus for the learner (Mayer, 
1989). They are most effective when they support content for which the learner has little prior 
knowledge (Mayer and Gallini, 1990). 
The acceptance of innovation and improvement of competencies must be the founda-
tion of the professional development of teachers, particularly in the areas of effective instruction 
and management in the classroom, for the development of the desired pupils’ competencies for 
a life in the contemporary environment, as well as in the goal of getting to an effective teaching 
and contemporary forms of learning in practice. Biology teaching must reflect the exciting nature 
of the subject and its surroundings. Student work in biology lessons should be practical and 
visual in nature wherever possible. In actual fact, teachers often use only lecture method (with-
out visual aids or demonstrations) in biology lesson in general, (Stavreva V. S, 2014)
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Motion distinguishes animation from static; still images and provides a smooth transi-
tional representation that captures the critical interrelationships along the path of specific pro-
cess. Motion leads to longer-term memory, an effect not observed with static images (Goldstein 
et al., 1982).This result is most dramatic for individuals who have difficulty grasping spatial rela-
tionships (Blake, 1977). Although research has clearly shown that students learn more from ani-
mations than from static images, this is maximized by lesson plans that include lecture and other 
learning inputs (Rieber, 1990). Learning is best achieved when an animation is coupled with a 
lecture, because this combination provides a reference from which students can appreciate the 
knowledge presented in the animation (Paivio, 1979, 1991). The lecture cues students while they 
are studying the animation. Multimedia tools provide another level of sophistication. 
Slide shows that use a presentation package such as Microsoft Power Point can provide 
a step-by-step graphic representation of a process. Individual molecules can beaded, and specif-
ic interactions can be highlighted. The advantage of this tool is that the instructor or learner can 
move forward and backward one step at a time during the learning process and emphasize key 
transitions. Yet, the final slide is still a complex display that takes concentrated study to grasp.
The goal of the Virtual Cell animation is to create high-quality animations of selected 
molecular and cellular processes that support student learning. They are also used as references 
to create interactive 3D simulations of these processes for immersive, role-based learning. 
Example: Through the Virtual Cell – Nucleus (http://vcell.ndsu.nodak.edu/animations/
flythrough/Stills/01.jpg)
Figure 1. Out on the horizon, you should see a large blue object. That is the nucleus of the cell.  
The nucleus is uniquely recognizable by the system of pores embedded within its outer membrane. 
Biological materials move in and out through the pores. They are the communication channel between the 
internal world of the nucleus and the cellular cytoplasm. The nucleus contains most of the DNA in the cell. 
It is recognizable by the protein complexes known as nuclear pores embedded in its outer membrane. 
These pores are responsible for facilitating the flow of biological materials in and out of the nucleus
Figure 2. To see the Flash movie for the following sequence of images 
http://vcell.ndsu.nodak.edu/animations/flythrough/movie-flash.htm)
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Experimental Design
Animations are typically used by a teacher as a lecture supplement in the classroom or 
by students as individual learning tools. Both of these learning approaches are supported by 
research demonstrating that animations significantly improved student learning. 
Of primary interest were the following hypotheses:
1)  Does using web animation in processing content from natural sciences improve the
quality of learning, encourage reflective learning skills and influence the retention of the 
acquired knowledge among students? A comparison is made between groups A, B and 
C and the group D in order to test the hypothesis.
2)  We were interested in determining whether there was an effect on student learning
relative to the number of times a student was exposed to the animation. This was tested 
by comparing the performance of group A versus the other three groups (two versus 
one or zero animation activities), and comparing groups B and C with group D (one ver-
sus zero animation activities).
3)  We considered whether, relative to our standard educational experience, adding anima-
tion to the lecture improved student retention (group B versus group D).
4)  Students often are first exposed to a topic in class and then study the material outside
of class. We were finally interested in determining whether exposure to an animation in 
class prior to individually studying the animation improved student learning (group A 
versus group C).
Students were divided into four experimental groups. First of all four groups were taught 
using the traditional lecture method on the process of dividing germ cells with the reductive di-
vision - meiosis. Then, each group presented their process of meiosis using other tools for learn-
ing and teaching. 
The individual study materials were either 1) Cell division - meiosis text or figures from 
the book used in the Biology, or 2) the animation described above (Figure 3). The students lis-
tened to the animations through and were allowed to study the materials for up to 25 min. Stu-
dents were allowed to study the text material for 25 min. Following the last activity of the test, 
each student completed a multiple-choice test consisting of four questions that addressed the 
major aspects of protein translation that were emphasized in the lecture and supported by the 
animation, overheads, and text material. The students completed the same test prior to the 
manners of presentation. In addition, during the pretreatment and post-test, students complet-
ed a confidence rating for each of their four answers. The pretest and post-test performance and 
confidence level data, measured as sum totals, were analyzed using single-factor analysis of 
variance. The p value to test the mean difference between each pair of test groups was also cal-
culated following rejection of the null hypothesis that all test means were equal. Finally, prior to 
all treatments, the students completed survey to determine the number of science courses they 
had taken and whether they had completed an introductory college-level biology course.
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Figure 3. A series of stills from the meiosis animations - http://vcell.ndsu.nodak.edu/animations/
A. 
B. 
Figure 4. First Look animation stills (left) and annotated enlarged versions (right) of the animation stills. 
The stills are captured from the animations and illustrate major events in the process. A) Meiosis begins 
with Meiosis I. The first stage in Meiosis I is prophase I. During this stage the DNA condenses into 
chromosomes. B) This is followed by metaphase II. Here the spindle fibers attach to the chromosomes 
and again align them at the middle of the new cells.
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Test:
1. Meiosis results in _____
a. haploid daughter cells
b. 4 haploid daughter cells
c. 2 diploid daughter cells
d. 4 diploid daughter cells
2. Which of the following cells undergo meiosis?
a. Sperm cells
b. liver cells
c. unicellular organisms
d. all of these
3. The picture depicts what phase of meiosis 4.  What is the key difference between anaphase I
in meiosis and anaphase in mitosis?a. propase 1
b. prophase 2
c. anaphase 1
d. anaphase 2
The number-of-courses data were analyzed as a single-factor analysis of variance, while 
achi-square homogeneity test was used to determine group effects regarding the proportion of 
students who completed an introductory biology course. With a limited number of students 
available for our experiment, we could create only a limited number of treatment groups, which 
in turn allowed us to consider only select hypotheses relative to the value of animations in stu-
dent learning. In each case, the null hypothesis was that there was no difference in effects of the 
manners of presentation of teaching material, whereas the alternative hypothesis was that man-
ners of presentation effects existed. We chose individual student study of course materials prior 
to a lecture followed by a lecture enhanced with overheads that consisted of figures from the 
textbook as our baseline educational experience (group D; Table 1). Three other Table 1. The four 
treatments used to determine the significance of animations as a tool to improve student learn-
ing manners of presentation were included relative to our research objectives (Table 2).
Table 1.
The four manners of presentation with group sizes in parentheses) used to determine the significance of 
animations as a tool to improve student learning
Group Manners of presentation 
A (n = 15) Lecture enhanced with animation followed by individual study of animation 
B (n = 15) Individual study of text material followed by lecture augmented with animation
C (n = 17) Lecture enhanced with overheads followed by individual study of animation
D (n =14) Individual study of text material followed by lecture enhanced with overheads 
Experimental Results
The statistical analysis of the results of the surveyed students who were divided into 4 
groups showed the following conclusions: 
A Chi-square test of homogeneity was performed on the proportion of students within 
each group that had completed an introductory biology course. 
Table 2.
Mean student post-test performance and group contrasts for the four lecture/individual study manners 
of presentation 
Group Mean Versus A Versus B Versus C Versus D
A 2.93 - 0.389 0.287 0.002
B 2.57 0.218 - 0.492 0.079
C 2.45 0.047 0.412 - 0.345
D 2.02 0.063 0.476 0.832 -
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The mean is the post-test mean. Maximum score is 4. The difference between the post-
test and pretest means is presented in parentheses. The manners of presentation group contrast 
p value for the post-test means are presented above the diagonal, and the manners of presenta-
tion group contrast p value for the difference between the posttest and pretest means is present-
ed below the diagonal. Significant (p ≤ 0.05) contrasts.
By contrast, a significant group effect was noted for both the post-test mean (p ≤ 0.05) 
and the difference between the post-test and pretest means (p = 0.017). To determine which 
manners of presentation were most significant and to allow us to address the specific hypothe-
ses we were testing, the value associated with each pairwise contrast was calculated (Table 2). 
Group A, in which students heard a lecture enhanced with the animation followed by an indi-
vidual study of the animation, performed significantly better than any other group. The perfor-
mance of groups B and C (which contained a single animation activity) was not significantly 
different from that of group D, a manners of presentation that did not have an animation com-
ponent. 
Collectively, these results allowed us to conclude the following relative to hypotheses 1 
and 2: first, these results strongly suggest that the animation was a significant component in 
improving student retention of content material, but this effect was noted only when the stu-
dents experienced two animation activities. This demonstrates that the best practice for using 
animations in learning would involve its incorporation both during the lecture and as an individ-
ual study aid. The other hypotheses considered the effect of animations relative to a standard 
educational experience in which a student studies course materials from the text prior to class 
and then listens to a lecture that is supported by overheads containing graphics found in the 
textbook. We first considered the effect of simply adding the animation to the lecture (hypothe-
sis 3). That the performance of groups B and D did not differ demonstrates that simply adding 
the animation to the lecture did not produce a positive (or negative) effect on student learning. 
Students often do not study prior to class; rather, they listen to a lecture and then follow that up 
with individual study. Given this learning scenario, we were next interested in determining the 
effect of introducing a topic in class with animation versus overheads when students subse-
quently studied the topic using the animation (hypothesis 4). By comparing the performance of 
groups A and C, we determined that introducing a topic with animation leads to significantly 
improved student retention. 
Conclusion
Student learning research has shown that visual perception is the most developed sense 
in humans and is an important way by which we learn. Vision allows us to collect and process 
information from our environment and to make decisions or form concepts from that informa-
tion. From an educational perspective, visualization aids student understanding of complex pro-
cesses because it assists in the conversion of an abstract concept into a specific visual object that 
can be mentally manipulated. Computer animation, in particular, is a new educational tool that 
fosters long-term learning by calling attention to objects during the early steps of instruction. 
Stavreva V.S, et all, 2011 that using animations to communicate ideas and processes that change 
over time reduces the abstractions associated with the temporal transitions of the process. As 
such, animations are valuable aids in supporting the visual aspects of long-term memory. 
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Utjecaj korištenja animacije u podučavanju biologije stanice 
na uspjeh učenika 
Snezana Stavreva Veselinovska
Faculty of Educational Science – University Goce Delcev, Štip, Makedonija
Sažetak
Tijekom prošlog desetljeća, mnogi kolegiji iz područja biologije preusmjerili su pažnju s 
razine cijelog organizma na molekularnu i staničnu razinu. Ta promjena odraz je promjena u pri-
stupu biološkim istraživanjima posljednjih godina, prilikom kojih se pozornost usmjerila na pitanja 
funkcije, strukture, razvoja i evolucije na molekularnom i staničnom nivou. Shodno tome, studenti 
prve godine na satovima opće biologije uče da su organizmi izgrađeni od stanica, da eukariotske 
stanice, za razliku od prokariotskih, čine organele, te da se stanični život održava putem moleku-
larnih i staničnih procesa. Naravno, kompleksnost tih procesa i njihovi međusobni odnosi često su 
studentima-početnicima teško shvatljivi. Iako je mikroskopija već dugo koristan učiteljski alat, upo-
treba računalne animacije u nastavi nedavno je uzela zamah. Animacija ima pojedinih prednosti 
nad mikroskopijom, npr. pojednostavljivanje, neograničena rezolucija i povećanje, mogućnost 
označavanja određenih simbola na kompleksnoj pozadini, kontrola pokreta, oblika ili boja te po-
stepeno pojačavanje ili slabljenje simbola. Kao posljedica različitih stilova učenja među studenti-
ma i lakog pristupa animacijama putem nefakultetskih računala, korištenje digitalne animacije u 
nastavi molekularne i stanične biologije postaje sve popularnije. U radu se navode primjeri mole-
kularnih i staničnih procesa koji su jasnije predočeni putem animacija nego putem statičnih ilustra-
cija. Vrijednost animacije određena je time uključuje li proces kretanje, time gdje se stanica nalazi 
i redosljedom događaja. Naposlijetku, širenje animacije kao nastavnog alata donijet će mnoge 
dobrobiti učenju svih ostalih područja biologije. Svrha ovog osvrta je poticanje široke uporabe 
animacije u nastavi biologije putem rasprave o prirodi digitalne animacije. 
Ključne riječi: animacija; nastava; stanična biologija; studentska postignuća
